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(57) Abstract: A micro actuator, comprising a base (1), a movable part (7) 
displaceable relative to the base (1), an elastic support part (5) supporting 
the movable part (7), and drive parts (4a to 4c) displacing the movable part 
(7). A specified relation is provided between a spring constant according to 
the displacement of the movable part (7) in the vertical direction and a spring 
constant according to the tilted angle of the movable part (7) to increase the 
gradient of a drive force against the displacement of the movable part (7). 
Thus, the control of the micro actuator can be accurately performed and the 
structure thereof can be simplified. 
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0.7 1 ^ k r x/k r y ^ 1.4 


0. 2 


1.3 £ R 2 ♦ k z/k r x ^ 3.3 
1. 3 £ R 2 *kz/kry < 3. 3 
0.7 7 ^ k r x/k r y ^ 1.3 


0. 1 


1.6 ^ R 2 • k z/k r x ^ 2.5 
1.6 ^ R 2 *kz/kry ^ 2.5 
0.8 7 ^ kr x/k ry S 1.15 



[0076] W^mfc5&mtlWm6(Dmto*&&0&&m^^ /^^ifckz, krx:fe J;U?kry 
^EBftRa^ 

1 < R 2 -kz/krx < 5, 
1 < R 2 -kz/kry < 5, 

0. 67 < krx/kry < 1. 5 

©li^m'K\ liolt^2«©Ilii:^tf3||©i SS^o 

[0077] /ifc\M^tt<D^§{ii/io«T^iitfJ:^S*U\ (^2) £<9,^S#: 
kz, krx*Dj;tJ?kryi£gilRi^, 

1. 6 ^ R 2 -kz/krx ^ 2. 5, 
1. 6 ^ R 2 -kz/kry ^ 2. 5, 
0. 87 < krx/kry < 1. 15 

o 

[0078] $ t-R 2 • kz/krtf* 

2 ^ R 2 -kz/krx, 

2 ^ R 2 -kz/kry 
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[0079] mm4%mm\^X, ^UtX^^W^ft^^nT^^^lO^M,^ 

x&z> 0 

[0080] ^i«CX fKffi,£A-C, EgglR^oV ^Ttem3A£#mLTf£WUttf)-C^-ete 
t?fc5o ^^O^h^i±^W^5<D^m^5ki^<DmmHl-i5. 5 urn, 

2 

5O@^5d<D^i>3re<7>E0ltH J351 ix mXfo% 0 3c#g|55g<Di|>§W tell m, 

3 1 

#'|«5a<Di|igW W/nn, @^§&5d<Di|iSW tell /i m-efe£ 0 #tt^^5(Djf:$ 

2 3 

teo. l— ljunKDtSH-efeSi^^w*^, ^i-e^o. 5^m-e^ 0 #t£3t#gB5 

<Dttn&T/V^V^4zmZ-&T/V^y=i>) tX^fzM^-, »#tt#ifcte69GPa 

, ^ryxttteo. 35-e&>5o 

a©S$l-fU^ kr/krx, kr/kry(Dfi:«*Dj;^:SggtH(D2^^S 

i:b^!Ji-§fcfe, £gilH(Dft^igl:|^«pLTB)f^(Dkz/ / krx N kr/kry(D#:£#5^ 

0. 8 ^ H/R ^ 1. 6 
&mtc1~£yiZ.ik:feir%<Df)m-£ls\s\ i2fELfcH:JoJ;t/R<D<iI(H=40 J u m, R=3 
H/RCDfgtel. 08^«9 
0. 8 ^ H/R ^ 1. 6 

<Dmm^mfcvx^^ 0 

[0082] J^_h<7)#cfS:^i-§#tt^mP5«, kz=l. 16(N/mh krx = 7. 29 X 10" 10 ( 
Nm/rad) , kry=7. 90 X lO'^Nm/rad) (D#t£^Lfc 0 i<D£^\ R 2 -kz/kr 
x, R 2 -kz/kry, krx/kry(Dfa:^^-€^2. 18, 2. 02, 1. 08£&£fc#K 
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1 ^ R 2 -kz/krx ^ 5, 
1 ^ R 2 -kz/kry ^ 5, 
O. 67 ^ krx/kry ^ 1. 5 

[0083] &*5, *SWbW&6<Dim<D&&Qtt:62 » mtfc»), @^m^4a— 4c:io£U?#t£^ 

[oo84] rr-e, iykjt^/v%m^xmmi,ti 

O. 5 ^L 2 -kz/kr ^ 2 

2^^VM^MWf^&3^^l£W1-3o 
[0085] $|;U^0^^S4a:}oJ;tMb<D2o^gi-£^ @^mfe4a*5 ilf4btt, 

g|30^M§ffi»#U(|2|4)^^>^^SV>^^#J^^^^}t^^c^ffi^gP#^ 

tvH®»WUi:(DSgg|L^v r 3R/2^^LV\ r<D£#, L 2 -kz/kr«:l. 58£>fe«3. 
0. 5 ^L 2 -kz/kr < 2 

[0086] £jLu&wufcj;5te:, ^mmnm^xn^ -^mm^wjwme^^o^m- 
[0087] /^*d\ ^liiitii Br»*P736s-Br»s«6SHi^., vsmmM6tmfwmm 

tv<Dwmt)m, &mt)^<Dmmti&m^ir%^u^hx&<>xh^\ 
mmt)fe4¥mmt)x&%cDmii£^^, ^^ifc, kr, krx^i^kry^ggittL 
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[0088] ^ ^mm^mKx^-f^T^^—^ion, 2m<vmmtimco^\Km$. 

[0089] *fc,^HW^J-J;^^-r^nT^^-^10{*, ^^o^^i^iLTl-M 

[0090] mm^m2) 

[0091] £1\ H5A^#mi-5o El5Ate, *Itt|(D^^n7^ax- ^10a£*£ 

[0092] v^nT^fax- ^lOate, ^^Sl^tfS^^nT^^— ^10<D# 

14a- 14c^#X.6 c 1 5(D^B^«^T>-^ (meander) ^T*fe«9 , 

^^^lSfD^^lba-lSc^.litlSOiS^^^M^^fRJ^^b-CV^ 
^|ff «9 1 5n— 1 5s^#X.S 0 

[0093] @^Sfe4a-14cte, #'|45:#fP15(Z)^^-^^#i-§^fe^, @^m*4 
a-4c^it-<-C®^^^$</ ceo x*D«9, fm^A-Cte^SBO^i^ 
g|tL"Cfigi-5 (R = 39 ,u m) 0 

[0094] #'|4^#§|515«, 3^(Z)#tt^l5a— 15ci:, ^^#^^153— 15c3rSiU 
(EI1A) ^@^i-^@^f|515d-15f^, BTII]fP7(|l|lA)^^i-^fe<Z)^§|3 
15g^M^.5o #«15a-15c(D»(D5^, @^15d-15f fdg^^cffUJ 
<^»^@^1 5h- 1 5j , 3C&%H 1 5g^^$nfdflJO»^ RTtb^l 5k- 1 5 
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[0095] rr-erau #tt^is a ^a a i,xm^mn5<D^m^mmm-r^ 0 #i»i5 

/^Sifckz, krx, kry^/jN$<i-^ii:^-e^(0-e, iSmM*)^^^ 

[0096] r^-e, ^^Ofrb^miffil5k^(DmMllfe5. 5^ m, ^«O^^H^l 
5h3rC<DEgHiH «51. 5 jum, ^^§|30^^@^$|315d(Dcti^-e(D{Egg|H J357 

2 3 

jit m-efe§ 0 ^^F$|S15g(D^g{li|i@W «13 m m, #'|»15a(Di|igW {3:3 m, 

1 2 

@^§|U5d<Di|>§W tell m m-i?&3 0 #tt^^P15(D@$»0. 1 — 1 m<DiaH^ 

3 

£\ H#tt##:«69GPa, *°7yyj:biio. 35-es>§ 0 
[0097] ^^mi5a<D^K\^cM:hmthfc.2^(DM^m±comMn^ @^15h^BT 

»^15k^(D[i:^Egil^^L<, 46 m-e&So H*Dir^R^-^^'fe(H = 46 ^ 
m, R = 39 ix m)<D:||'o\ H/RCOfflttel. 18i^«9, 
0. 8 ^ H/R ^ 1. 6 

[0098] #'|»15a<D^(Z)^fttel20 n rnXfoV, SggfH02. 61(^^0 

[0099] @5££Bi5d-i5f«, mm-r^^^nr^^— ?<Dmi£nt-m^$Ltsfo 

(DM£Qfe62 n mXhZ> 0 
[0100] _hfBO#cfg^-r?,#tt^^l5{i, kz=0. 34(N/m), krx=2. 34X 10" 10 ( 
Nm/rad), kry = 2. 57 X 10~ 10 (Nm/rad) <Z>#tt^Lfc 0 ^<£>£#, R 2 -kz/kr 
x, R 2 -kz/kry, krx/kryCO'fS:^tt j etl2. 19, 2. OO, 1. 10^i:5fcfe, 

1 < R 2 -kz/krx < 5, 

1 ^ R'-kz/kry ^ 5, 

O. 67 ^ krx/kry ^ 1. 5 
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[0101] ±m<D£5Kwm&i5a~i5c^T>rmjt\zvit%}%&, w&m&wMi&vtn 
[oio2] mm&PW&j&vt<Dm&, w^m^^m^rif^t^^m^n^nm^w 

O. 5 ^L 2 -kz/kr ^ 
1 ^ R 2 -kz/krx ^ 5, 
1 ^ R 2 -kz/kry ^ 5 

[0103] rtu-*j-u Wm&*^T>^^(DM&\^ 

0. 8 ^ H/R ^ 1. 6 

kr(£fcte, krx, kry) m&X^l/nbftZbm^ ^lM{£^IWi-5^®$:kz^ 
^i^l/n^o t£oT, kr^kz^COlrbkz/kr^fii^n^iS^A/^^T iS^— 

tdnx\ 

0. 5 ^L 2 -kz/kr ^ 2fe3W3: 

1 < R 2 -kz/krx < 5, 

1 < R 2 -kz/kry < 5 

[0104] ^m^T^^m^m^, mmm^z.mir^<^mmkz^ixnx^<, 1 
/nfci£mL-xmkirz>m&^ msB&mmvxmmi-Zo 

[0105] ®5Bte, ^tt^lSaOjff^ML^lSoMia^^LfcBI-e^o _HllJtf«W9i£ 
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[0106] fflMVWl5o\C&tfZW&mi5a<DmfyM&<l>b't'Z>b. frbS l:^^ 

12 

12 

[0107] ,£S d^S ^»/«{5A (- A x) K*tt-Z>mW&tiL<D3MkA A £ (S — >S )£r# 

3 4 3 4 

1 4 

[0108] r<D£?^ ^f«9ML$|5-e#te^(DM^fB]^^*-CV^fcJ?)^, #i»Oilf§ 
[0109] fiJLhffcWUfcJ;^ #^^l5#ffc©®#;frlRl«rK*E 

[0110] (^Jfe^t83) 

[0111] *i\ g|6A^#Mi-6o BI6A», *^MI©-7^n7^faX- ^10b^^ 

[0112] v^oT^fax- ^lObte, mfa&1R2K&ftZ>'<?'(?vT*<?^~?10a<DW. 
&^&Wl5(Dftt>mzW&.^W&25&ffi%., @j£«ffil4a~14c©ffcb*)K:@j£ 
m*24a-24c^«X.§ 0 #tt^#§R25cD@^25h-25jte, #T«9jMU^25n-2 

[0113] @^m«24a— 24cte, f^ffl^A— Cb^P^Ob(D^mR^38. 5vmbt£%iu. 

[0114] #tt^#fP25f*, 3^(Z)#tt^25a— 25ci! N ^^0#tt^25a— 25c^S^l 
(EI1A) ^@^i-^@^25d-25fi:, BT»]fP7(|l|lA)^^i-^ae)(D^#g|5 
25gb&mz.% 0 #tt^25a-25cOra(D5^, @^§B25d-25f ^gg^fclfUJ 
(^ra^@^25h-25j, ^gP25gi^^^xfdMlJ^»^nribS25k-25 
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[0115] ^-m, mm&25&K&B\sXW^mK25<D¥mmx: : s:nm*rz 0 mm&25 
25n&^-r%*T^ftm-?fo& 0 mMi.M25nt^^o tcom^mi^ mfe 

[0116] r^-e, ^^O^^BT»«25k*-e(D|EggiH i «6 J um. ^3»0/^ib@5£«25h 
*-C<Z)EEi|H U17. 5 Aim, ^^PO^^@^fP25d(D^^-e(DEgg|H felO u 

2 3 

1 2 

VJtfSO. 35-C*>5o 

[0117] ^^m25a(D^XK\^C^mtlf'2^<D^^m±CO^MHl^41. 5vmX&<9, 

^mm^mx^m^25ktm^mn25nt<Dmm^tiKmmir^ 0 u^xn 

R^tL^ftt(H = 41. 5^111,1^=38. 5Mm)©I^ H/R<Dfg«:l. 08i:&<9, 
0. 8 ^ H/R ^ 1. 6 

[0118] #'|»25a<D^(Z)^ftte:74. 5 n nTCfc<9, EgUfHOl. 8{§-e&3 0 
[0119] _hfBO#cfa:?r#-r5#'l4^^25«, kz=0. 55(N/m) , krx=3. 70X 10" 10 ( 
Nm/rad) , kry = 4. 08 X 10 -10 (Nm/rad) <D#tt^Lfc 0 ^<D£#, R 2 -kz/kr 
x, R 2 -kz/kry, krx/kry(Dfjt^-?rtt^tb2. 20, 2. 00, 1. 10£±5fc«> % 
1 ^ R 2 -kz/krx ^ 5, 
1 < R 2 -kz/kry < 5, 
0. 67 < krx/kry < 1. 5 

[0120] 06B£r#J$L-C, #tt^#§P25(D@^:S25h— 25j£#r<9Mb£R25n— 25p£«9t> 

[0121] ®6Bte, #tt^^25^S«9^fc§^^^:6^^^i-#JaH-efc§o 

[0122] #tt^#gp25«, M%.\*&Wk ^tt^m^^tdB.mfot)mm^^m%m 
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Az = H 2 /(2p) 

3 

3 

A z\tt<D &miZi£ML>X/h£<1r%Z.ktfX*%Z> 0 @^«25h~25j£#T !>3gUfB25 



3 



[0124] fiJLhffcWUfcJ;^ #HJS7£1S^J;*U^ #^^f&25<£>@5e*S25h~25j«r 
^JJf^air^B#(^^Cfca^J^^^IS^^J:^#tt^^25t^f9^^^b^^ 

RTlbfl;ffi6<DSii:^iB]<Di^$^^Az^/jN$<WJx.§^i!^-e^^ o t?*>^, n 

[0125] (IIW1I4) 

[0126] £1\ 07?r#It5 o H7H\ ^HJ6^1iOW^nT^^^-^Sr#^SB3 

LT, 3te^-f^SiB-e*>53S1S30SrtttWi-5 o 
[0127] ^Ig30te, «C3l£, =y^— ^V^X32£, <B3fetf — A^y^33^, \/AWi& 

-*38£, Mff#£*»47^ f|!lj«42^<i;i3 0 

[0128] |giBSr#flab-aKMbfcJ;5t!:, ^n7^fax-^7W35(«©-7^o 
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, Z.tlh<D-?^?uT??-=L^— ^10, 10a*5«tt510bSria*^fc>*T#^.-CbJ;V^ 
[0129] $lj«42te, @^««4a-4c^!KWjmffii:bTMft-^^m^b, WS^cD 

{i£-tfrc, 59— *fP6bH:AJN-U^:3te©»£ieSr^H*f"5o 
[0130] 36iS30©ib^SrJ;!9P3tt»^Mi-5o 

[0131] 3tag3if^j^.^GaNv— ifm^s>s 0 3te«3i36^wi*$tbfc3te^— a« % =*y 

*l^X32l;iJ;?)&|^<D3fe^— Afcg£|fc£*L, ii»-A;*:7>^33^Att 

[0132] -7^a7^fax- ^7W35±!:fiII©-7^P7^f^x- ^10^2#C5£T 
Wf #t^IB^J£tvO ^ 0 Bli!]§P7(D^tL-€tLf*3feS*f ffi-efe^^^— fP6b^#x., 
3felf-A^H*fi-^o W»J$l$7te, @^ma4a-4c(D-?rtt-e^^PP*P$tvfcmj±^ 

^7W35(^t53t©A^feJ:t) $ tiilt^{4, ^tL^45g^|£5£;£;ftrCl>5o 
[0133] v^n7^fax- ^TW35^J;oTieB^^t:Uf c ^;tf —Mi, *f^l^X3 

[0134] ^v^37te, jff^^r^Ps-eia^^tL^is^^fESjg^, tE®a^So-c^-r 

0*LV\, ^V^^37(DfB^ji-eH^$^c^tf-^«. BSW^n7^fax-^ 
TW35<D^~§R6b£l/4fcfttk34^M1-3o r(D3felf— i^AWSM 

^Bft#^«47«, r^-e}«— ^svmcD&m^ j v-x&z>b\^x$&m~rz>fr\ 
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^^=^VVWy (Shack-Hartmann) mcDjfcm't^X&oXh «£V >U ^ 

[0135] M. A. A. Neil, M. J. Booth, and T. Wilson, "New modal wave-fr- 
ont sensor: a theoretical analysis, " J. Opt. Soc. Am. A / Vol 
. 17, No. 6, pp. 1098 - 1107 (2000) 

[0136] ^n^^39«n (n«»:) m^mM^W^r— KMi (i= 1— n) \Z.%~>\ ^tt 

KMif^^i-§rtt^(D±l^^(Z) + 1^3fet-« + BiMi N -l^:5fe^^-BiMi 
[0137] I^X40te\ ^n^A39^ioTig[^$ttfcn^f(D^t'-— A^3fe^th^41_h^ 

[0138] ^m^41«#n^(D^t^A^oV^±lM^5^Mf^fc^^»m^ff 
^-Si^fefiScU f|!lj«42^ffi^-r3 0 lIX^-KMi^^Lfc^lim^if ^-Sif* 
iR^-KMiO^t^Ai^^i-^ff^-^^So KMi^^fi-M^Si/A 
i^ WT^«Bi#(Dt£f-fv^-^ £«9 ^£>&:m£tlX\, ^„ 

[0139] ^»m^ff ^-Si«^ffitt#^bT*D(9, ^ttm^ff ^rSi<D±%£&yt\?—M>(D 

$mwm%:m^x\^ 0 mmiatim^s iifv^37©sitj¥fftt#9fffiiixt 

i 

2 

3 

4 

xzu^—wz.mi-zmtim^-x&Zo &fc, mmmtim ^-s ^^^370^ 

5 

[0140] $IJ«42«, ^ftHUKf ^-Si^^«ffiff #^J^CTBr»]§|57^^$-Br6o ftHj 
«42te, ^ffi^#$|343^, ^^XV^hMlE^^^44^, ^f*f|jlJ«P45^ Stffi 
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tinEmmw46b&ffi%.z>o 0*bv>nife^-e«, mmuA2h\,<\t^(D~ m*. 

[0141] S'J^^bv ^iii-eii, 3feM3i, =^—^1^x32, f^tf — A^°y^33 
[0142] ^B^#fM3«, ^tbm^/ft ^-s — s ^j^-c, r^^37<Dmum^ttm^ 

1 3 

t-#5^ffiiui^MEi-§fc^(D^Brj#:^ ( X) y)£im-r3o ---ex, y «^^ 

[0143] l^^X^hMlE^#$|344^ N ^f$f|jlJ^]§P45^^>?f^^^X36cDU^XV7hix 
(Dfg^frlfr^ Z.tllcm-3\^Xmm^<I> (x, y)^0 (x-x , y)«#i-3o 

0 0 

0 (x-x , y)KJ\ ^®MlEffilJ#$|546^^^nT^^^^-^TW35^$lJ#-r§|^ 

0 

[0144] ^MIJ^$|345^, ^»m^{f ^-S ^it^S \Z.m^^X7*—JJxmmm^Fo$5 

4 5 

i^^U;^ *f^)W^X36(DW^X>^hAx ^f|±it5 0 

0 

[0145] MMlE$IJ«B46ra;, ^^XV^hMlE^^§P44^^ </> (x-x , y) *^~r\t ^ 

0 

mis -^D^r^ (x-x , y) {a&C-C£j&t-5„ 

0 

[0146] v^n7^fax-^7W35ti, $|x.fi42 x 36f@CQ-^^nT^^^— ^10 
Sr#^.5o -<£>4i-o\ ^n7^fax- ^10<D^fr-^;fr/5S3o(D@^m$i4a~ 4c 
Sr#^.TV^<D-e, ^n7^faX-^f7W35tt, 42 X 36 X 3^<D@^W£Sr 
#&Tl>5„ 0J$=Pff ^Dte, 42X36X3j@(D@^mffi^tb^^W^^-^ 
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Mz.\-£ lObit) £#fci2r5i£:-C, y^T^^i^#^tvS J;5^«iEMa^T5^^^ 

[0147] ^W}m*<D&fcm&x*<DnM^&m<D&m&n!&mt^frb%, 

£ s v 8 tfi/nUT-e&m-f, mmM&\M46n, ^Mnm^mm-r^m^ 

*<D|£;a^*(m^ 42 x 36 x 3fla)-t?^oTt^j#«^ffim^i-§ri:^-e# 

£ 0 ^*©v^P7^faX- ^1000(010) 87^5 

(^:i3) (D^mi^^n^mn^mf^i^n^ \ @^mte4a— 4c 

2 ^ R 2 -kz/krx 
2 ^ R 2 -kz/kry 
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[0149] #Ci^ H9B^#MbT, &mi&Wffi&&fa±&Z^W}&7^<DfcmM<D 

[0150] v^nT^fax- ^10{*2#(D^»jtl#(OMiiL^^^-Brtg-e^ o f&ftojg 
[0151] ®8A-E|8B«, ^»§B7^(Df^ffi^<Dm^g^®jffiiK*SSi!^B8#^*r 

[0152] *i\ m8A&&mvx-m&te&m<Difttimftwxm&mmirz> 0 

[0153] g|8A^*5V>T, ftttttW^nT^aJ-— ZlOCDydjfaCDmMftMX&O, ffiftll 

j j j+i j 

j+1 

[0154] m<D#rtimmsLjrmtL-x, krbcx.x ]mz.&faM&4>**t><?>mM&&'Mz. 

j j+1 

[0155] ®8B£#^LT, ^^v^#*-eME*tit^fB]-h$^i^o-e^^B(Z)$ffn 

m&.UM^mm'T^o ---era, kk[x, x. ]rt^2^ojii^x. , x &£5 0 m 
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j,a j,b j 

j 

mm(x > <l> (x ))fc(x , <£ (x ))£<02^3^3*&#fcLT&^3££3^;t3o 

j,a j,a j,b j,b 

[0156] 08Cte, OTEx.x ]^*5(t§^BP^C<^(Oft^^p^^®^^ffi/h^ 

j j+i 

<D&m<D&m&te.s u-<i> n 2 dx<D^utvxfem£n% 0 mmwc(i><D\3im 

pf*. &3^^&5£(W^p/p^#^i\ mo. 29b—m<Dm&bZ>z.b&t> 

7b*Z> 0 tot, Sgg|L = 0. 29Pb&MUtJSm&x. , x ^BT»$|37tp(Df^ffi^;(DJ^ 

j,a j,b 
j,a j,b 

[0157] Ji|E<D^^v>^#4T*MiE)WS^f^Ji$*§-^^^^^ffi^^^^^& 
[0158] g|9Ate\ v^nT^x- *TW35&g^ftfcj^¥ffiia-eab5o Sv>tcp 

^-rs^— §P6biwi±(Dtv^{ip-e^ 0 ^-m, $p6b<Di3a^$Qf*(p 

[0159] 09Bte, 59— W6bp"9U:*3Jt5^+Hll*C* ©ft*^ P £\ iSB^^/h^ 
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